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Description
[Technical Field]

[0001] The present disclosure relates to a feed pin for
feeding a patch antenna mounted in a vehicle or the like,
and the patch antenna including the same.

[Background Art]

[0002] Generally, patch antennas are installed in ve-
hicles, drones, and information and communication ter-
minals to transmit and receive signals in frequency
bands, such as a global positioning system (GPS) and a
global navigation satellite system (GNSS).

[0003] A patch antenna includes a dielectric formed in
a predetermined thickness, a planar upper patch lami-
nated on an upper surface of the dielectric and acts as
an antenna, a lower patch laminated on a lower surface
of the dielectric, and a feed pin for feeding the upper
patch. Here, since the dielectric mainly uses ceramic,
which is widely used as a high-frequency component due
to the excellent characteristics, such as a high dielectric
constant and a low thermal expansion coefficient, the
patch antenna is also referred to as a ceramic patch an-
tenna.

[0004] The upperpatch and the lower patch are formed
in various shapes, such as a quadrangular, circular, el-
liptical, triangular, or ring shape, but a quadrangular or
circular shape is mainly used. In this case, the upper
patch and the lower patch are made of a conductive ma-
terial with a high conductivity with the ceramic dielectric.
Structures of the upper patch and the lower patch include
a multilayer, a bulk type, and the like. The feed pin is
electrically connected to the upper patch through solder-
ing to feed the upper patch.

[0005] However, the patch antenna has a problem in
that a corrosion phenomenon occurs in a soldering layer
due to the reaction between lead and oxygen as high or
low temperatures are repeated during an electrical reli-
ability test (i.e., an electrical thermal impact test) for ve-
hicle installation.

[0006] In addition, the patch antenna has a problem in
that micro cracks easily occur even with a small amount
of stress (impact) due to the corrosion phenomenon in a
soldering area, and the characteristics of the patch an-
tenna are changed due to the micro cracks, thereby de-
grading reliability.

[0007] Matters described above in the background art
are intended to help understanding of the background of
the disclosure and may include matters not related to the
known related art.

[Summary of Invention]
[Technical Problem]

[0008] The present disclosure has been proposed to
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solve the problems and is directed to providing a feed
pin that prevents cracks occurring in a soldering layer by
forming a step on a head, and a patch antenna including
the same.

[Solution to Problem]

[0009] To achieve the object, a feed pin according to
an embodiment of the present disclosure includes a feed
head made of a plate-shaped conductive material with a
first area, a stepped plate made of a plate-shaped con-
ductive material having a second area and connected to
a lower surface of the feed head, and a feed bar made
of a polyhedral conductive material and connected to a
lower surface of the stepped plate.

[0010] The second area that is an area of a horizontal
cross section of the stepped plate may be formed to be
smaller than the first area that is a horizontal cross section
of the feed head, and a first step may be formed between
the feed head and the stepped plate. The first step may
be formed along the lower surface of the feed head and
outer perimeters of side surfaces of the stepped plate.
[0011] The stepped plate may be formed by laminating
a plurality of plate-shaped conductors formed to have
different horizontal cross-sectional areas, and one or
more steps may be formed on side surfaces of the
stepped plate. Therefore, a first step formed between the
feed head and the stepped plate may include two or more
steps.

[0012] In the feed pin according to the embodiment of
the present disclosure, a third area that is an area of a
horizontal cross section of the feed bar may be formed
to be smaller than the second area that is a horizontal
cross section of the stepped plate, and a second step
may be formed between the stepped plate and the feed
bar.

[0013] A first area connected to the feed bar and a
second area that is an outer perimetric area of the first
area may be defined on the lower surface of the stepped
plate, and a plurality of bonding protrusions may be
formed in the second area.

[0014] A first area connected to the feed bar and a
second area that is an outer perimetric area of the first
area may be defined on the lower surface of the stepped
plate, and an inclined portion having inclination closer to
an upper surface of the feed head toward an outer pe-
rimeter of the feed head may be formed in the second
area.

[0015] The feed bar may include a first bar disposed
on the lower surface of the stepped plate, and a second
bar disposed on a lower surface of the first bar, and the
second bar may be formed to have a horizontal cross
section smaller than a horizontal cross section of the first
bar to form a locking stopper.

[0016] To achieve the object, a patch antenna accord-
ing to an embodiment of the present disclosure includes
a dielectric layer, an upper patch disposed on an upper
surface of the dielectric layer, a lower patch disposed on
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a lower surface of the dielectric layer, and a feed pin
passing through the upper patch, the dielectric layer, and
the lower patch to feed the upper patch, wherein the feed
bar includes a feed head made of a plate-shaped con-
ductive material with a first area, a stepped plate made
of a plate-shaped conductive material having a second
area and connected to a lower surface of the feed head,
and a feed bar made of a polyhedral conductive material
and connected to a lower surface of the stepped plate.
[0017] Abonding space surrounded by a lower surface
of the feed head, an outer perimeter of the stepped plate,
and an upper surface of the upper patch is defined in the
patch antenna according to the embodiment of the
present disclosure, and a soldering layer may be formed
in the bonding space.

[0018] In the patch antenna according to the embodi-
ment of the present disclosure, the second area that is
an area of a horizontal cross section of the stepped plate
may be formed to be smaller than the first area that is a
horizontal cross section of the feed head, and a first step
is formed between the feed head and the stepped plate,
and a soldering layer may be formed in a bonding space
formed by the first step and an upper surface of the upper
patch.

[0019] A first area connected to the feed bar and a
second area that is an outer perimetric area of the first
area may be defined on the lower surface of the stepped
plate, and a plurality of bonding protrusions may be
formed in the second area.

[0020] A first area connected to the feed bar and a
second area that is an outer perimetric area of the first
area may be defined on the lower surface of the stepped
plate, an inclined portion having inclination closer to an
upper surface of the feed head toward an outer perimeter
of the feed head may be formed in the second area, and
a soldering layer may be formed in a bonding space
formed by the inclined portion and an upper surface of
the upper patch.

[0021] The patch antenna according to the embodi-
ment of the present disclosure may further include a first
soldering layer formed in a bonding space surrounded
by a lower surface of the feed head, an outer perimeter
of the stepped plate, and an upper surface of the upper
patch, and a second soldering layer formed in a bonding
space formed by the upper surface of the upper patch
and an outer perimeter of the feed head.

[0022] Meanwhile, the stepped plate may be formed
by laminating a plurality of plate-shaped conductors
formed to have different horizontal cross-sectional areas,
and one or more steps may be formed on side surfaces
of the stepped plate.

[Advantageous Effects of Invention]

[0023] According to the present disclosure, the feed
pin and the patch antenna including the same can in-
crease the area in which the feed head is in contact with
the soldering layer by forming the first step between the
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feed head and the feed bar, thereby increasing the bond-
ing strength compared to the general feed pins.

[0024] In addition, the feed pin and the patch antenna
including the same can maintain the bonding strength at
the predetermined level even in the electrical reliability
test (i.e., electrical thermal impact test) in which high and
low temperatures are repeated by increasing the bonding
strength compared to the conventional feed pin, thereby
preventing the occurrence of cracks.

[Brief Description of Drawings]
[0025]

FIG. 1 is a view for describing a patch antenna to
which a feed pin according to an embodiment of the
present disclosure is applied.

FIGS.2and 3 are views for describing a conventional
feed pin and a patch antenna including the same.
FIG. 4 is a view for describing the feed pin according
to the embodiment of the present disclosure.

FIGS. 5 to 7 are views for describing a modified ex-
ample of the feed pin according to the embodiment
of the present disclosure.

FIG. 8 is a view for describing a patch antenna in-
cluding the feed pin according to the embodiment of
the present disclosure.

FIGS. 9 to 12 are views for describing the modified
example of the feed pin according to the embodiment
of the present disclosure.

FIGS. 13 and 14 are views for describing a soldering
shape and bonding strength of a general feed pin.
FIGS. 15 and 16 are views for describing a soldering
shape and bonding strength of the feed pin according
to the embodiment of the present disclosure.

FIG. 17 is a view showing a fragment of the patch
antenna to which the feed pin according to the em-
bodiment of the present disclosure is applied after
an electrical reliability test (i.e., an electrical thermal
impact test).

[Description of Embodiments]

[0026] Hereinafter, exemplary embodiments accord-
ing to the present disclosure will be described in detail
with reference to the accompanying drawings.

[0027] The embodiments are provided to more com-
pletely describe the present disclosure to those skilled in
the art, and the following embodiments may be modified
in various different forms, and the scope of the present
disclosure is limited to the following embodiments. Rath-
er, the embodiments are provided to make the disclosure
more faithful and complete and fully convey the spirit of
the present disclosure.

[0028] Terms used herein are intended to describe
specific embodiments and are not intended to limit the
present disclosure. In addition, in the present specifica-
tion, singular forms may include plural forms unless the



5 EP 4 421 989 A1 6

context clearly indicates otherwise.

[0029] In the description of the embodiment, when
each layer (film), area, pattern, or structure is described
as being formed "on" or "under" a substrate, each layer
(film), area, pad, or patterns, "on" and "under" include
both cases of being formed "directly" or "indirectly with
other elements interposed therebetween." In addition, in
principle, the reference for "above" or "under" each layer
are based on the drawing.

[0030] The drawings are only intended to help under-
standing of the spirit of the present disclosure and should
not be construed as limiting the scope of the present dis-
closure by the drawings. In addition, in the drawings, a
relative thickness and length, or a relative size may be
exaggerated for convenience and clarity of description.
[0031] Referring to FIG. 1, a general patch antenna
100 includes a base substrate 110, an upper patch 120
disposed above the base substrate 110, a lower patch
130 disposed under the base substrate 110, and a feed
pin 140 for feeding the upper patch 120.

[0032] The base substrate 110 is made of a dielectric
or a magnetic material that has a dielectric constant. The
base substrate 110 may be formed as a dielectric sub-
strate made of ceramic with characteristics, such as a
high dielectric constant and a low thermal expansion co-
efficient. The base substrate 110 may be formed as a
magnetic substrate made of a magnetic material such as
ferrite.

[0033] In this case, a first through hole 112 through
which the feed pin 140 passes is formed in the base sub-
strate 110, and the first through hole 112 is formed to
pass through the base substrate 110 from the top to the
bottom.

[0034] The upper patch 120 is disposed above the
base substrate 110. The upper patch 120 is formed of a
thin plate made of a conductive material with high elec-
trical conductivity, such as copper, aluminum, gold, or
silver.

[0035] Inthis case, a second through hole 122 through
which the feed pin 140 passes is formed in the upper
patch 120, and the second through hole 122 is formed
to pass through the upper patch 120 from the top to the
bottom. The second through hole 122 overlaps the first
through hole 112 as the upper patch 120 is fixedly dis-
posed above the base substrate 110.

[0036] The upperpatch 120 is fed through the feed pin
140 to operate as a radiator for receiving GPS signals,
GLONASS signals, and the like.

[0037] Thelowerpatch 130is disposed on alower sur-
face of the base substrate 110. In other words, the lower
patch 130 is formed of a thin plate made of a conductive
material with high electrical conductivity, such as copper,
aluminum, gold, or silver. The lower patch 130 is formed
to have a smaller area than the lower surface of the base
substrate 110 and formed to have a larger area than the
upper patch 120. In this case, the lower patch 130 needs
to secure a predetermined area or more to form a ground
and may be formed on the entirety of the lower surface
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of the dielectric to secure the area.

[0038] In this case, a third through hole 132 through
which the feed pin 140 passes is formed in the lower
patch 130, and the third through hole 132 is formed to
pass through the upper patch 120 from the top to the
bottom. The third through hole 132 overlaps the first
through hole 112 and the second through hole 122 as
the upper patch 120 is fixedly disposed under the base
substrate 110.

[0039] Asthe base substrate 110, the upperpatch 120,
and the lower patch 130 are laminated, the first through
hole 112, the second through hole 122, and the third
through hole 132 are aligned to form a through path
through which the feed pin 140 passes.

[0040] The feed pin 140 includes a feed bar 142 and
a feed head 144 connected to a first end portion of the
feed bar 142. A second end portion of the feed bar 142
of the feed pin 140 sequentially passes through the upper
patch 120, the base substrate 110, and the lower patch
130. Therefore, the feed bar 142 is disposed in the
through path, and the feed head 144 is disposed on an
upper surface of the upper patch 120.

[0041] Referring to FIG. 2, the conventional feed pin
140 is attached to the patch antenna 100 through solder-
ing. In this case, a soldering layer is formed along a side
surface of the feed head 144, and the soldering layer 150
bonds the feed pin 140 and the patch antenna 100. Of
course, the soldering layer 150 may also be formed
above the feed head 144.

[0042] Referringto FIG. 3, in the conventional feed pin
140, the corrosion phenomenon occurs due to the reac-
tion of lead and oxygen in the soldering layer 150 as high
and low temperatures are repeated upon an electrical
reliability test (i.e., an electrical thermal impact test) of
the patch antenna 100.

[0043] Inaddition, micro cracks easily occurin the con-
ventional feed pin 140 even with a small amount of stress
(impact) due to the corrosion phenomenon of the solder-
inglayer 150, and the characteristics ofthe patch antenna
100 are changed by the micro cracks, thereby degrading
reliability.

[0044] Therefore, the feed pin (hereinafter referred to
as "feed pin") according to the embodiment of the present
disclosure forms a first step between the feed head and
the feed bar. The feed pin increases a contact area be-
tween the feed head and the soldering layer 150 by form-
ing the first step, thereby increasing the bonding strength.
[0045] The feed pin according to the embodiment of
the presentdisclosure may increase the bonding strength
compared to the conventional feed pin, thereby maintain-
ing a bonding strength at a predetermined level even in
the electrical reliability test in which high and low tem-
peratures are repeated.

[0046] In addition, compared to the conventional feed
pin, the feed pin according to the embodiment of the
present disclosure can maintain the bonding strength at
the predetermined strength or more even in the electrical
reliability test, thereby preventing the occurrence of the
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corrosion phenomenon and micro cracks in the soldering
layer 150 during the electrical reliability test.

[0047] Referring to FIG. 4, the feed pin 200 according
to the embodiment of the present disclosure includes a
feed head 210, a stepped plate 220, and a feed bar 230.
Hereinafter, to easily describe the embodiment of the
present disclosure, the feed bar 230, the head 210, and
the stepped plate 220 are described separately, but are
not limited thereto and may be formed integrally.

[0048] The feed head 210 is made of a conductive ma-
terial. The feed head 210 is made of a plate-shaped con-
ductive material. For example, the feed head 210 is
formed in a plate shape having an upper surface, a lower
surface, and one or more side surfaces. In this case, the
feed head 210 is formed to have a thickness (height) of
about 2 mm or more and 2.5 mm or less.

[0049] A lower surface of the feed head 210 may be
formed in a polygonal, circular, elliptical shape, or the
like that has a first area. An upper surface of the feed
head 210 may have the same first area as the lower sur-
face of the feed head 210 and may be formed in the same
shape as the lower surface of the feed head 210. The
upper surface of the feed head 210 may have the same
first area as the lower surface of the feed head 210 and
may be formed in a different shape from the lower surface
of the feed head 210. The upper surface of the feed head
210 may have a different area from the lower surface of
the feed head 210 and may be formed in the same shape
as the lower surface of the feed head 210. The upper
surface of the feed head 210 may have a different area
from the lower surface of the feed head 210 and may be
formed in a different shape from the lower surface of the
feed head 210.

[0050] A first area connected (in contact) with the
stepped plate 220 and a second area not connected (not
in contact) with the stepped plate 220 may be defined on
the lower surface of the feed head 210. The first area
may be defined to include a center point of the lower
surface of the feed head 210, and the second area may
be defined to surround the first area of the lower surface
of the feed head 210.

[0051] The stepped plate 220 is made of a conductive
material. For example, the stepped plate 220 is formed
in a plate shape havingan upper surface, a lower surface,
and one or more side surfaces. In this case, the stepped
plate 220 is formed to have a thickness (height) of about
0.05 mm or more and 0.5 mm or less depending on the
thickness (height) of the feed head 210.

[0052] An upper surface of the stepped plate 220 may
be formed in a polygonal, circular, elliptical shape, or the
like that has the second area smaller than the first area
(i.e., the lower surface of the feed head 210). A lower
surface of the stepped plate 220 may have the same
second area as the upper surface of the stepped plate
220 and may be formed in the same shape as the upper
surface of the stepped plate 220. The lower surface of
the stepped plate 220 may have the second area equal
to that of the upper surface of the stepped plate 220 and
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may be formed in a different shape from the upper surface
of the stepped plate 220. The lower surface of the
stepped plate 220 may have a different area from the
upper surface of the stepped plate 220 and may be
formed in the same shape as the upper surface of the
stepped plate 220. The lower surface of the stepped plate
220 may have a different area from the upper surface of
the stepped plate 220 and may be formed in a different
shape from the upper surface of the stepped plate 220.
[0053] Meanwhile, the stepped plate 220 may be
formed by laminating the plurality of plate-shaped con-
ductors. In this case, horizontal cross sections of the plu-
rality of plate-shaped conductors may be formed to have
different areas, and one or more steps may be formed
on the side surfaces of the stepped plate 220.

[0054] Referring to FIG. 5, the stepped plate 220 is
formed by laminating a first plate-shaped conductor 221
and a second plate-shaped conductor 222.

[0055] The first plate-shaped conductor 221 is inter-
posed between the feed head 210 and the second plate-
shaped conductor 222. In this case, an upper surface of
the first plate-shaped conductor 221 may be formed in a
polygonal, circular, elliptical shape, or the like that has a
2-1 area smaller than the first area.

[0056] The second plate-shaped conductor 222 is in-
terposed between the first plate-shaped conductor 221
and the feed bar 230. In this case, an upper surface of
the second plate-shaped conductor 222 may be formed
in a polygonal, circular, elliptical shape, or the like that
has a 2-2 area smaller than the 2-1 area.

[0057] The stepped plate 220 is formed with a 1-1 step
S 1-1 as the second plate-shaped conductor 222 is
formed to have a smaller area than the first plate-shaped
conductor 221. The 1-1 step S1-1 is formed along outer
perimeters of side surfaces of the second plate-shaped
conductor 222.

[0058] Referring to FIG. 6, the stepped plate 220 may
be formed by laminating the first plate-shaped conductor
221, the second plate-shaped conductor 222, and the
third plate-shaped conductor 223.

[0059] The first plate-shaped conductor 221 is inter-
posed between the feed head 210 and the second plate-
shaped conductor 222. In this case, an upper surface of
the first plate-shaped conductor 221 may be formed in a
polygonal, circular, elliptical shape, or the like that has a
2-1 area smaller than the first area.

[0060] The second plate-shaped conductor 222 is in-
terposed between the first plate-shaped conductor 221
and the third plate-shaped conductor 223. In this case,
an upper surface of the second plate-shaped conductor
222 may be formed in a polygonal, circular, elliptical
shape, or the like that has a 2-2 area smaller than the
2-1 area.

[0061] The third plate-shaped conductor 223 is inter-
posed between the second plate-shaped conductor 222
and the feed bar 230. In this case, an upper surface of
the third plate-shaped conductor 223 may be formed in
a polygonal, circular, elliptical shape, or the like that has
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a 2-3 area smaller than the 2-2 area.

[0062] Since the stepped plate 220 is formed by lam-
inating the plate-shaped conductors 221, 222, and 223
having different areas, a 1-1 step S 1-1and a 1-2 step S
1-2 are formed. The 1-1 step S1-1 is formed along the
outer perimeters of the side surfaces of the second plate-
shaped conductor 222, and the 1-2 step S 1-2 is formed
along outer perimeters of side surfaces of the third plate-
shaped conductor 223.

[0063] InFIGS.5and 6, although the example in which
the stepped plate 220 is formed by laminating two or three
plate-shaped conductors has been described, the
present disclosure is not limited thereto and may be
formed by laminating four or more plate-shaped conduc-
tors. In this case, three or more steps may be formed on
the outer perimeter of the stepped plate 220.

[0064] The feed bar 230 is made of a conductive ma-
terial. In the drawing, the feed bar 230 is formed as a
polyhedron of which vertical length is larger than a hori-
zontal length. As an example, the feed bar 230 is made
of a cylindrical conductive material.

[0065] Thefeed bar 230 is disposed under the stepped
plate 220. The first end portion of the feed bar 230 is
connected to the lower surface of the stepped plate 220.
The first end portion of the feed bar 230 is connected to
the first area defined on the lower surface of the stepped
plate 220.

[0066] The second end portion of the feed bar 230 se-
quentially passes through the upper patch 320, the base
substrate 310, and the lower patch 330.

[0067] In this case, the second end portion of the feed
bar 230 may pass through the patch antenna 300 and
then be exposed downward from the patch antenna 300.
Here, as an example, the first end portion of the feed bar
230 is an end portion located at the top in the drawing,
and the second end portion of the feed bar 230 is an end
portion located at the bottom in the drawing.

[0068] Referring to FIG. 7, the feed bar 230 may in-
clude afirst bar 232 and a second bar 234 to prevent the
feed pin 200 from sagging when the feed pin 200 is in-
serted into the patch antenna 300 and more firmly fixing
the feed pin 200 to the patch antenna 300.

[0069] Since the feed pin 200 according to the embod-
iment of the present disclosure is formed to have a hor-
izontal cross section of the second bar 234 smaller than
a horizontal cross section of the firstbar 232, it is possible
to prevent the feed pin 200 from sagging when a locking
stopper A is formed inside the dielectric of the patch an-
tenna 300 to insert the feed pin 200 into the patch antenna
300 and more firmly fix the feed pin 200 to the patch
antenna 300.

[0070] In the drawing, the first bar 232 is formed as a
polyhedron of which vertical length is larger than a hori-
zontal length. As an example, the first bar 232 is made
of a cylindrical conductive material. The first bar 232 is
interposed between the stepped plate 220 and the sec-
ond bar 234. The horizontal cross section of the first bar
232 is formed to have a fourth area.

10

15

20

25

30

35

40

45

50

55

[0071] In the drawing, the second bar 234 is formed
as a polyhedron of which vertical length is larger than a
horizontal length. As an example, the second bar 234 is
made of a cylindrical conductive material. The second
bar 234 is disposed under the firstbar 232. The horizontal
cross section of the second bar 234 is formed to have a
fifth area smaller than the fourth area.

[0072] Since the feed pin 200 according to the embod-
iment of the present disclosure is formed to have the
upper surface of the stepped plate 220 smaller than the
lower surface of the feed head 210, a first step S1 is
formed between the feed head 210 and the stepped plate
220. The first step S1 is formed along the outer perime-
ters of the side surfaces of the stepped plate 220.
[0073] In this case, when the stepped plate 220 is
formed of a plurality of plate-shaped conductors, the feed
pin 200 may be formed with the first step S1 formed of a
plurality of steps including one or more steps (i.e., a 1-1
step S1-1 and a 1-2 step S-2) formed on the stepped
plate 220.

[0074] In addition, since the feed pin 200 according to
the embodiment of the present disclosure is formed to
have a third area in which the cross section of the feed
bar 230 is smaller than the lower surface of the stepped
plate 220, a second step S2 is formed between the
stepped plate 220 and the feed bar 230. The second step
S2 is formed along the outer perimeters of the side sur-
faces of the feed bar 230.

[0075] Referring to FIG. 8, the patch antenna 300 to
which the feed pin 200 according to the embodiment of
the present disclosure is formed with a bonding space B
surrounded by the lower surface of the feed head 210,
the outer perimeter of the stepped plate 220, and the
upper surface of the upper patch 320.

[0076] The feed pin 200 according to the embodiment
of the present disclosure may be formed with the bonding
space B greater than that of the conventional patch an-
tenna 100 between the lower surface of the feed head
210 and the upper patch 320, and in the soldering proc-
ess, the soldering layer 400 may also be formed in the
bonding space B, thereby increasing the bonding
strength of the feed pin 200 compared to the conventional
feed pin 140.

[0077] Referring to FIGS. 9 and 10, various types of
bonding protrusions 212 for increasing the bonding
strength may be formed on the lower surface of the feed
head 210. The bonding protrusion 212 is formed in the
second area defined on the lower surface of the feed
head 210.

[0078] Referring to FIG. 9, a plurality of bonding pro-
trusions 212 having a triangular vertical cross section
may be formed on the lower surface of the feed head
210. For example, the bonding protrusions 212 are
formed in a cone shape and are disposed in a row in the
second area of the lower surface of the feed head 210.
[0079] Referring to FIG. 10, a plurality of bonding pro-
trusions 212 having a semicircular vertical cross section
may be formed on the lower surface of the feed head
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210. For example, the bonding protrusions 212 are
formed in a hemispherical shape and are disposed in a
row in the second area of the lower surface of the feed
head 210.

[0080] Meanwhile, referring to FIG. 11, various types
of bonding protrusions 212 and bonding grooves for in-
creasing the bonding strength may be formed on the low-
er surface of the feed head 210. The bonding protrusions
212 and the bonding grooves are formed in the second
area defined on the lower surface of the feed head 210.
[0081] For example, the plurality of bonding protru-
sions 212 and bonding grooves having a semicircular
vertical cross section may be formed on the lower surface
of the feed head 210. The bonding protrusions 212 and
the bonding grooves are formed in a hemispherical shape
and are alternately disposed in the second area of the
lower surface of the feed head 210.

[0082] Asdescribedabove, the feed pin 200 according
to the embodiment of the present disclosure may be
formed to have the bonding protrusions 212 and/or bond-
ing grooves on the lower surface of the feed head 210
to increase the contact area between the soldering layer
400 formed in the soldering process and the lower sur-
face of the feed head 210, thereby increasing the bonding
strength of the feed pin 200.

[0083] Referringto FIG. 12, an inclined portion 214 for
increasing the bonding strength may be formed on the
lower surface of the feed head 210. In this case, when
the inclined portion 214 has an inclination closer to the
upper surface of the feed head 210 toward the outer pe-
rimeter of the feed head 210, the soldering layer 400 may
not be formed between the lower surface of the feed head
210 and the upper patch 320 in the soldering process.
Therefore, the inclined portion 214 having the inclination
closer to the upper surface of the feed head 210 toward
the outer perimeter of the feed head 210 is formed.
[0084] Asdescribedabove, the feed pin 200 according
to the embodiment of the present disclosure may have
the step formed by interposing the stepped plate 220
between the feed head 210 and the feed bar 230 to in-
crease the contact area between the soldering layer 400
formed in the soldering process and the lower surface of
the feed head 210, thereby increasing the bonding
strength compared to the conventional feed pin 140.
[0085] In addition, the feed pin 200 according to the
embodiment of the present disclosure may have the plu-
rality of bonding protrusions 212 and/or bonding grooves
or the inclined portion 214 formed in the second area
defined on the lower surface of the feed head 210 to
increase the contact area between the soldering layer
400 formed in the soldering process and the lower sur-
face of the feed head 210, thereby further increasing the
bonding strength compared to the conventional feed pin
140.

[0086] Cracks of the patch antenna 300 that occur dur-
ing the electrical reliability test often occur between the
lower surface of the feed head 210 and the patch antenna
300 (i.e., the upper surface of the upper patch 320). To
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prevent the cracks of the patch antenna 300, the bonding
strength needs to be increased by increasing a contact
area with the soldering layer 400 between the lower sur-
face of the feed head 210 and the upper surface of the
upper patch 320.

[0087] Referring to FIG. 13, in the patch antenna 100
to which the general feed pin 140 is applied, a small bond-
ing space is formed only at an edge portion of the lower
surface of the feed head 144. Since the patch antenna
100 to which the general feed pin 140 is applied has the
small bonding space, the contact area between the sol-
dering layer 150 and the patch antenna 100 is small, and
thus the bonding strength is inevitably decreased.
[0088] Referringto FIG. 14, as a result of the electrical
thermal impact test of the patch antenna 100 to which
the general feed pin 140 is applied, the minimum strength
is about 9 and the maximum strength is about 16. In this
case, the average bonding strength is about 11.56. In
this case, an electrical thermal impact test environment
isrepeated about 1000 times in acycle thatabout +105°C
is maintained for about 30 minutes and then - 40°C is
maintained for about 30 minutes.

[0089] Meanwhile, referring to FIG. 15, since the patch
antenna 300 to which the feed pin 200 according to the
embodiment of the present disclosure is applied has the
first step S1 formed by the feed head 210 and the stepped
plate 220, the bonding space B surrounded by the lower
surface of the feed head 210, the outer perimeter of the
stepped plate 220, and the upper surface of the upper
patch 320.

[0090] In the patch antenna 300 to which the feed pin
200 according to the embodiment of the present disclo-
sure is applied, the soldering layer 400 is formed in the
bonding space B during the soldering process, and thus
the contact area between the soldering layer 400 and the
patch antenna 300 relatively increases, and the bonding
strength between the lower surface of the feed head 210
and the patch antenna 300 is increased.

[0091] Referringto FIG. 16, as a result of the electrical
thermal impact test of the patch antenna 300 to which
the feed pin 200 according to the embodiment of the
present disclosure is applied, the minimum strength is
about 13 and the maximum strength is about 20. In this
case, the average bonding strength is about 18.3. In this
case, an electrical thermal impact test environment is
repeated about 1000 times in a cycle that about +105°C
is maintained for about 30 minutes and then -40°C is
maintained for about 30 minutes.

[0092] Referring to FIG. 17, it can be seen that the
patch antenna 300 to which the feed pin 200 according
to the embodiment of the present disclosure is applied
has no cracks between the lower surface of the feed pin
200 and the upper patch 320 even after the electrical
reliability test.

[0093] As described above, since the feed pin 200 ac-
cording to the embodiment of the present disclosure has
the stepped plate 220 interposed between the lower sur-
face of the feed head 210 and the upper surface of the
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feed bar 230, the patch antenna 300 to which the feed
pin 200 is applied may be formed with the bonding space
B surrounded by the lower surface of the feed head 210,
the outer perimeter of the stepped plate 220, and the
upper surface of the upper patch 320, thereby increasing
the bonding strength of the feed pin 200.

[0094] The above description is merely the exemplary
description of the technical spirit of the present disclo-
sure, and those skilled in the art to which the present
disclosure pertains will be able to variously modify and
change the present disclosure without departing from the
essential characteristics of the present disclosure.
Therefore, the embodiments disclosed in the present dis-
closure are not intended to limit the technical spirit of the
present disclosure, but intended to describe the same,
and the scope of the technical spirit of the present dis-
closure is not limited by these embodiments. The scope
of the present disclosure should be construed according
to the appended claims, and all technical spirits within
the equivalent range should be construed as being in-
cluded in the scope of the present disclosure.

Claims
1. Afeed pin comprising:

a feed head made of a plate-shaped conductive
material with a first area;

a stepped plate made of a plate-shaped conduc-
tive material having a second area and connect-
ed to a lower surface of the feed head; and

a feed bar made of a polyhedral conductive ma-
terial and connected to a lower surface of the
stepped plate.

2. The feed pin of claim 1, wherein the second area
that is an area of a horizontal cross section of the
stepped plate is formed to be smaller than the first
area that is a horizontal cross section of the feed
head, and
a first step is formed between the feed head and the
stepped plate.

3. The feed pin of claim 2, wherein the first step is
formed along the lower surface of the feed head and
outer perimeters of side surfaces of the stepped
plate.

4. The feed pin of claim 1, wherein the stepped plate
is formed by laminating a plurality of plate-shaped
conductors formed to have different horizontal cross-
sectional areas, and one or more steps are formed
on side surfaces of the stepped plate.

5. The feed pin of claim 4, wherein a first step formed
between the feed head and the stepped plate in-
cludes two or more steps.
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6. The feed pin of claim 1, wherein a third area that is
an area of a horizontal cross section of the feed bar
is formed to be smaller than the second area that is
a horizontal cross section of the stepped plate, and
a second step is formed between the stepped plate
and the feed bar.

7. The feed pin of claim 1, wherein a first area connect-
ed to the feed bar and a second area that is an outer
perimetric area of the first area are defined on the
lower surface of the stepped plate, and

a plurality of bonding protrusions are formed in the
second area.

8. The feed pin of claim 1, wherein a first area connect-

ed to the feed bar and a second area that is an outer
perimetric area of the first area are defined on the
lower surface of the stepped plate, and

an inclined portion having inclination closer to an up-
per surface of the feed head toward an outer perim-
eter of the feed head is formed in the second area.

9. The feed pin of claim 1, wherein the feed bar in-

cludes:

a first bar disposed on the lower surface of the
stepped plate; and

a second bar disposed on a lower surface of the
first bar, and

the second bar is formed to have a horizontal
cross section smaller than a horizontal cross
section of the first bar to form a locking stopper.

10. A patch antenna comprising:

a dielectric layer;

an upper patch disposed on an upper surface
of the dielectric layer;

alower patch disposed on a lower surface of the
dielectric layer; and

a feed pin passing through the upper patch, the
dielectric layer, and the lower patch to feed the
upper patch,

wherein the feed bar includes:

a feed head made of a plate-shaped con-
ductive material with a first area;

a stepped plate made of a plate-shaped
conductive material having a second area
and connected to a lower surface of the feed
head; and

a feed bar made of a polyhedral conductive
material and connected to a lower surface
of the stepped plate.

11. The patch antenna of claim 10, wherein a bonding
space surrounded by a lower surface of the feed
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head, an outer perimeter of the stepped plate, and
an upper surface of the upper patch is defined, and
a soldering layer is formed in the bonding space.

The patch antenna of claim 10, wherein the second
area that is an area of a horizontal cross section of
the stepped plate is formed to be smaller than the
firstareathatis a horizontal cross section of the feed
head, and a first step is formed between the feed
head and the stepped plate, and

asoldering layeris formedin abonding space formed
by the first step and an upper surface of the upper
patch.

The patch antenna of claim 12, wherein a first area
connected to the feed bar and a second area that is
an outer perimetric area of the first area are defined
on the lower surface of the stepped plate, and

a plurality of bonding protrusions are formed in the
second area.

The patch antenna of claim 10, wherein a first area
connected to the feed bar and a second area that is
an outer perimetric area of the first area are defined
on the lower surface of the stepped plate,

an inclined portion having inclination closer to
an upper surface of the feed head toward an
outer perimeter of the feed head is formed in the
second area, and

a soldering layer is formed in a bonding space
formed by the inclined portion and an upper sur-
face of the upper patch.

The patch antenna of claim 10, further comprising:
afirst soldering layer formed in a bonding space sur-
rounded by a lower surface of the feed head, an outer
perimeter of the stepped plate, and an upper surface
of the upper patch; and

a second soldering layer formed in a bonding space
formed by the upper surface of the upper patch and
an outer perimeter of the feed head.

The patch antenna of claim 10, wherein the stepped
plate is formed by laminating a plurality of plate-
shaped conductors formed to have different horizon-
tal cross-sectional areas, and one or more steps are
formed on side surfaces of the stepped plate.
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